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ADSI”RACI’

‘flc Airborrrc Visible/Irrfrarcrl Imaging Spcctrrrmctc.r measures spatial images of Ihc total upwcllirrg spectral
radiiincc  from 400 [o 2500 nm through 10 nm spectral c}]anncls. Quanti[ativc  research and application
otrjcctivcs  for surface investigations rccluirc conversion of the mcasurcci rariiancc to surface rcftectancc  or
surface Icnving radiance. 1’0 calculalc  apparcnl  surface rcffcclancc  an estimation of atmospheric wa[cr vapor
abundrrncc,  cirros  cloud effects, surface prcssorc  clcva[iorr and acroso] optical dcp[h arc also required.
Algorithms for the estimation of these parameters from the AVIRIS data thcmsclvcs  arc dcscribcd.  Rasccl
upon lhcsc dc[cr]ninccl atmospheric pararnc[crs wc show an example of [hc calculation of apparent surface
rcflccumcc  from the AVIRIS-nlcasurcrl  radiance using a radiative transfer code. Wc also propose spectra]
band chirractcristics  for an advancccl lancl rcrno[c sensing systcm dlat woLIld  bc ncccssary  to support these or
similar atrrlosl~hcric compensation algorithms.

1.() INI’RODUCHON”

I’l]c Airborne Visible/lnfrarcrf imaging Spcctromctcr  (AVIRIS) is a NASA-sponsored Earth-looking imaging
spcclromc.tcr designed, built and operated by ‘the Jcl Propulsion laboratory. AVIRIS acquires flight data
froln the Q-bay of a NASA EK-2  at 20 km flight altitodc. AVIRIS nlcasurcs the total upwclling radiance from
400” to 2500 nm in the spc.ctruln through 224 channels at 1 f) nm sI]cctral intervals. An cxarnpic of the
AVIRIS spcctrai  covcragc  in comparison to tha[ of the Thematic Mapper is given in F;igurc 1. Data arc
acquired as 1 1 by u}) to 100” km images with 20 by 20 m spa[ial resolution. In Plalc 1, the spatial
cl]aractcr istics of an AVIRIS  image arc shown for data acquired over Mount Stlasta, C:iliforl] ia. AVIRIS  data
arc rigorously calihratccl with rc. spcc( to Ihcir sj)cctr al, radio metric and geometric charrictcr  istics in [hc
laboratory; ttrcsc calibrations arc validated ill-flight. A valid calibration is required for the pl)ysically based
algorittmls  dcscribcc].

Ill this paper, an AVIRIS data set acqoircd on tbc 2nd of Jonc 1992 over a portion of the S:in Francisco
})cnirlsola th;it incloc]ccl  t h e  J a s p e r  R i d g e  e c o l o g i c a l  prcscrvc is  used. This AVIRIS  sccnc covers 10 by 11
km and includes a varic.ty  of vcgctatccl and unvcgcta[cd  surface cover types. Figorc 2 shows an AVlflIS
measured ratfiancc spcc[rum for a green grass area in this sccnc. TJIC shape of this s~)cctrunl results from the
Soiar irrac{iaocc, moiccuiar  finci acroso] scartcrirrg o f  l]ic :ilnlosl>hcrc. g:is at>sor~)tion  o f  t h e  atmosl)hcrc.
illomin:ition  geometry and the rcficctancc  of the sorfacc. The algorithms prcscntccl to estimate Lhc
atmosl)hcric  characteristics and to calculate upparcnt surfrrcc rcflcctancc  usc the h401)l’RAN2 (Rcrk C[ al..
1989) r:idiativc  trarrsfcr code in conjunction with a nonlinear Icast squares spcclral  fittirlg (NLl,SSF)
proccdurc.

2.0 WATIX  VAPOR

over most of Ihc 400 to 2500 nm spcclrai  range [hc strongest a[n~os~)hcric obsorhcr is water vapor, ‘f’hc
cffccl on the uljw,clling radiance arriving [it an optical sensor is shc)wn in Fig,urc 3. in addilion to absorbing
strongly in this spectral range, the abundance of waler vapor in the terrestrial atmosplwrc  varies
significantly both spalia]ly  and [crn})orally. For cxarnplc.,  greater than 20 pcrccnt variation in the spatial
and temporal distribution of water vapor h:is bc.cn cicscribcd for four AVI RIS data SCIS acquired at 12 minute
iotc.rvals over the same site (Cjrccn ct al., 1991a).

To compcns[itc for wa[cr vapor absorption in AVI ftlS spectra, a dctcrmioation  of total path waLcr  vapor is
rcftuircd for cacti spatial clcmcnt. Water vapor algorithms for AVIRIS  have bcc]l ctcvclopcd (Concl ct al
1988,  C,rccn ct al 1989, and (3recn, ct al. 1991rr) based iriitiaily on d~c LOWTRAN7  (Knci/.ys ct o)., 1987)
and currently on the MO DTRAN2  (llcrk  c! al., 1989)  radiative transfer code., The water vapor algorithm fits
tllc AVIRIS measured radiance for the 940 mu water band to a racliancc spectrum gcncratcd  by [hc radiative
[ransfcr COCIC. A NLLSSF proccciurc is used with Imranlctcrs allow’ing ttlc atmnsphcric water v:ipor  amount,
ll]c rCflCctilrrCC  nlagnitudc, lhc rcllcctancc  slope and a scaled surface leaf liqui[i water absorption spcclrum [0
vary. Figure 4 shows the fit trctwccn [hc AVIRIS  measured and dlc NL,LSSF  spcctrunl for the 940 water Viipor

almorplion  over tt]c green gr[iss target in d]c J:ispcr Ridge .+\ VIKIS  d:ita. Over vcgcta~cd targets Icaf water
absorption, in this spectral region, most bc cornpcnsrr [cd in the algorithm [o ovoid  incorrect estimation the
illlll  OSl)hCri  C water vapor. \Vhcn :il)plicd  to the entire AVIRIS Jasl~cr Kidgc dzit:i SC[ a range in atn]osl)hcric
W,iltCr  vapor fn]tn 9 to 22 prccipitablc  nlillil]]clc.rs of atnlos~)hcl ic w;itcr vapor W’iiS  n)a~)pcd,



lor a [utorc spacchcsrrrc  sensor, a scl of four 20 nm spectral Iml]ds  I)laccct al 870, 940, 980 and 1050 nm could
bc used 10 dircclly cslimrrlc atmospheric waler vapor. ~“hc 980 rum band woLIhf bc used 10 compcnsalc  for leaf
liquid wrrtc.r absorption. This assessment of water vapor would bc uscrf 10 ccrtnpcnsalc for water vapor
absorption in al) spectral bands. The 870, 940 and 1050 nm sensor bands might have 100 m spatial
resolution, while specifying the 980 nm band at 30 n] rcsolotiorr wrrulcl provide a leaf wa[cr parameter for
remote sensing of the land sorfacc.

3.() Cl RRUS  CLOIJLM

7“11c prcscncc  of cirrus clouds will affccl the radiance an iving at a spaceborne sensor in this spectral region.
and yc[ such cloud in flucncc may bc dif~l cult to de[cc[. A spectral band placed in the strong a[rnosphcric
water val)or absorption region will rctorn signal to a spaceborne sensor only w}lcn high albcdo targets such
;is cir rus clouds (ire  present in the upper atmospbcrc. Based on this hypothesis, a cirrus cloud detection
algorilhm  has been tcstccf using the 1380 nrn spectral channel of AVIRIS (C, ao and Cloctz., 1993). On
cxtrctllcly low hun~idity  days or at high altitudes SOIIIC sorfricc rcftcctcd sigytal m:iy bc measured a[ 1380 no].
l“hcrcfrsrc, a 20 [o 40 nm band in the sirongcr  waler vapor absorption regions a[ 1880 or 2500 nm is
l]roposcd for lhc dclcction  iiIILl map}]ing of cirrus clntids in an adval~ccd land remote scnsirlg systcn].

4.() PRESSURE El XVATION

In order to com])cnssr[c for a[nlusp}]cric absor},tinn duc to WCII mixed a[mosphcric  ~ascs and the effect of
atnlospi]cric molecular scmtcring, an cs[ima[c of tic surface pressure elevation is rcc]oircd. An algori[hm has
been dcvclopcd  to estimate the surface pressure elevation (Green C[ al, 1991 b and Green CI al., 1993) from
lhc AVI KIS measured radi:incc. This algorithm assesses the strcngtb of [hc 760 nm oxygen absorption band
rncasured irl LIIC AVIRIS  da[a. 3“11c rrxygml band strer)gth is c:ilihr:itcd [O surface pressure clcva[ion using the
c>xygcrl I)ard mode]  in  the  MOI)TRAN2  radialivc Lransfcr crsdc. Paramclcts  constraining the pressure
elevation. tbc rcflcc[ancc  magniludc  a]~d the rcffcctancc  slope in Lbc 760 nn) s[)cc-[ral  rcgiorl arc allowed to
Viiry  in the fi[. When applied to the entire Jasper Kidgc AVIKIS dala SCL,  pressure clcvatirrns were calcula[cci
thal ranged froll] O m towards the San Frarlcisco Ilay 10 800” rn ir] the nlounlains  uli lhc l~crlirlsula. These
cstin]a(cs arc consistent v., ith tl]c [opography  of lhc rcgioll,

Spcc[rnl bands 1() nm wittc placed at 745, 760 arid 775 mu might bc used to calculalc  surface pressure
elevation in fulurc land rcnlotc  scnsil]g syslcms. An altcrllatc  set of 20 nrn wide hands at 2040,” 2060 ar]d
2080” nln rncasuring  [hc carbon Lfioxidc absor~][ion  irl tlic atmosphere might bc cnlploycd  a.s well for ttic
cslimatirrn of surface prcssorc  clcvaliorr. In L}lis  2000 to 2100 nm spcclral region compensation for water
va}xsr :it)sor[)lion  will bc rcquird. “1’llc  sl)oli:il field uf view of llIc t]ands cc~uld bc on llIc order of 100” m ar]d
still ])rovidc al~proprialc infor]natio[] for corlll)crlsa[ion of [tic allllos}Jhclc.

5.() A1;ROSOL” OPTICAI  . l) EIYI’l]

Under low visibility conditions the racliancc scallcrcd fron~ atmos~]hcric aerosols may corllprisc a significant
~)ropol tion of tbc to[al radiance reaching a spaceborne sensor, As {in cxarllplc. a plo[ showing [hc acrosol-
sca([c.rc(l  radiance con[ril)ution  to the total radiance fronl a 0.25 rcflcc[ancc  surface v., i[h a 5 kn~ visitlility
rural amosphcrc  visibility is given in Figure 5.

For AVIRIS, a nonlinear Icas[ square spectral fitting (NLLSSF) irlgorithm  has been dcvc]rrpcd [o estimate [hc
aerosol optical cic~)th (iircc[ly from the measured radiance. ‘1’his algorithm o~][ir]~i~,cs the fit bc[wccrl the
AVIRIS n]casurcd radiance arid a M0Dl”KAN2 ]nodcicd radiarlcc v.’itb tl)c aerosol o~)tical  dc~)th as the primary
filling paramc.tcr. Paramclcrs  modeling [hc rcftcc[ancc  magnitude, the rcflcctancc  slope and Icaf chlorophyll
:ihsorl]liorr arc also includ ccl in tllc filling algori[hnl, For d)c Jtrspcr Ridge data an assumj)[ion  of aerosol
tyl)c was rccluirccl. The MOL)TRAN2  rural aerosol model was used, Acrcrsol op[ical dcpdls :it 500 nm were
calcolatcd  for the entire Jasper Ridge AVIRIS  clam SCI [hat ranged from 0.27 in the pc.ninsula n]ountains m
(),53 near tbc San Francisco bay.

Several spc.ctral bands in the 400 to 600 nm spcc[ral region nlig,ht bc used in an advanced spaccborrlc sensor
10 cstimalc  aerosol optical depth. }lowcvcr, addition:il rcsc:irch is required for validaliorr of this approach.

6,() REFLECTANCE CA1.CU[ ,ATION

Calculation of” surface spcc[ral rcffcctancc  froni the [rrtal upwclling ra(ii:in~c  n]casurcd by AVIRIS  using a
ra[liativc ~rarlsfcr code ilas been purstlcd since [he. fti~b[s of AVIRIS in 1989  (Circcn.  C[ al. 1990, C,rccn,  ct al.
] y)lt,, C,rccrl Ct ;,I, 1993),  I. Jsing ttlc w:t[cr vapor, pressure elevation :ilid aerosol op[icai Llcplll  estimates
derived in ~hc }]rcvious algorithms, l}IC [v.fo way tral]. snlittcd radiance and atmns})llcric patlr radiance sjwckunl
arc calcul:itcd  for each slx]ti ai clcmcnt  witl] MOI)’1’RAN2.  Con][ju[cr look up tables arc oscd [u accclcralc
dicsc calculations. Widl these dc[crlrlir]cd paranlc[crs  the surface rcflcctancc  is calcula[cd  dircc[ly.  Figure 6

slIows tllc calculalc(i  rcflcc[ar]cc sl)cctra for the grccr] vcgc[ ation [argcr. Tllc [otal mcasLlred  r:idiancc for this
[argct is shown in Figure 2. Inspection of [his calcula[cd rcllcc[ancc  spcclrun) shows c[)rl]l,c’l)s[i[iorl  for the
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solar irradirincc,  a[rnrssphcric absorp t ion  and a[mosphcrically  scrr[[crcrJ r a d i a n c e . In future, similar
algorithms may allow calcuallion  of rcflcc[ancc  from data rncrisurcd by an advanced spaceborne oplica]
sensor ,  provictrxl bands arc inclucfcd spccificrrl]y  for charac[criz.a[ion  of the ncccssary  a t m o s p h e r i c
pararnctcrs.

7.0 CONCH ,USION

Algorithms urc ctcscribcd that allow estimation of the absorption and Sc:i[lcring charactcris[ics  of the
a[rnosphcrc from sensor rncasured  radiance. With estimation of [hcsc atmospheric paratnctcrs,  apparent
surface rcffcctancc  may bc calcolatcd  fron] the measured radia; lcc. The algorithms dcscribcd  usc the
MODTRAN2  radia[ivc  t ransfer  crrdc for rnodc]ing the absor})tion  and scat ter ing proper[ics  of the.
aln~ospllcrc. To arrrilyzc these scnor mcrrsorcd data with a rartiativc transfer code. suc}i as MC) DTRAN2,  :in
:iccuratc Spcclral, radiornctric and geometric calibration of the data is required.

As tllcsc algorithms arc further validated, tfrcy will offer an approach to provide apparcrll surface rcficctancc
da(a directly to (hc users of the AVIIUS  data. With appropria[c  bitrids in an advancccl land remote scnsirrg
systcnl, an cc]uivalcnl set of algorilbn]s could bc applied rou[incly to ttlc mcasurccl data to col~lpcnsatc for
cffcc[s in the data caused by variation in the absorption an(i sc:ittcring of the [crrcstrial  alrnosphcrc and for
at[crlo:it  ion by sub visual cirrus clouds.
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l;igurc 1. AVI KIS spcc[ral  channels plotted with ‘1’hcma[ic Mapper bancls and a typical [transmission
spcc[rom of lhe [Crrcslrial  O[nlosphcrc.
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f:igulc 2, AVIRIS  rmzrsurcd opv.,clling  radiance spcclrum of a green grass targc[ at Jasper Riclgc, CA.
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i;igorc 3. IIifloc.]icc of wti[cr vapor absrrrp[ion on sc.nsor measured radiar]cc in [hc [crrcstrial a[nmspbcrc,
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Figure ~. Fit ancl  rcsiciual  bclwecn an AVIRIS n~casurccl r a d i a n c e  s p e c t r u m  and a NLLSSF spc.ctrurn  f o r
cs~in)a(icsn  of total prs[b atmospheric water vapor.
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Figure 5. A plot showing the MOl)l’f?AN2a mociclcci tolal radiance for a 25 pcrccnt  rcflcclancc  [argc.t at O m
clcva[ion wi[h a 5 km visibility amlosphcre. Also show arc the rcflccLcd, molecular scattered and aerosol
scoucrc.d radiance cornponcn[s  ;Jf [he tolal trpwclling  radiance.

, ~_____

0,9

OB
[ AVINS OLvwod

0 7 I

400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Wavolanglh  (rim)

F’igurc  6. Calculated apparent surface rcflcctancc  for the green gr:iss target.

11.0 PLATES

Plalc 1. AWRIS  color image cube of Mount Shasta in northern Califor]iia. ‘1’hc front panel is a color
composite of three of tbc AVIRIS spectral channels. ‘1’hc side p:inels arc projections of the 224 spcc[ral
clvmncls acc]uircd for each of the 614 by 512 spalial clcnlcnLs measured in a single AVIRIS sccnc.


